To determine the diagnostic accuracy of confrontation visual field testing and to compare the accuracy of confrontation tests both individually and in combination.
plain white background by 2 independent examiners who were masked to the automated perimetry results and to the findings of the other examiner. Both examiners were neuroophthalmology fellows with equal levels of experience and training. Only one examiner was permitted in the room at a time. Each examiner performed all 7 tests in an order determined by a computerrandomized list stored in a sealed envelope that was opened at the time of examination. The following tests were performed based on previously published descriptions 2,3,5-10 :
1. Description of examiner's face: The patient was asked to report if any part of the examiner's face was missing or distorted. 2. Finger counting: The patient was asked to count 1 or 2 static fingers presented sequentially in each of the 4 quadrants approximately 20°eccentric to fixation and equidistant from the quadrant borders. 3. Finger comparison: The examiner's index fingers were presented simultaneously on either side of the vertical meridian in the superior and then inferior quadrants approximately 20°eccentric to fixation and the patient was asked to report if the fingers appeared equally clear. Any quadrant in which the finger appeared less clear was recorded as abnormal. 4. Red comparison: Two identical red atropine bottle tops, approximately 20 mm in diameter, were presented in a fashion analogous to the finger comparison test described above and the patient was asked if the bottle tops appeared equally red. Any quadrant in which the bottle top appeared less red was considered abnormal. 5. Static finger wiggle: Two index fingers were presented simultaneously on either side of the vertical meridian approximately 20°eccentric to fixation and equidistant from the quadrant borders in the superior and then inferior quadrants. The patient was asked to report which finger wiggled (Ͻ5°o scillation). 6. Kinetic finger wiggle: The patient was asked to report when the examiner's wiggling index finger (Ͻ5°oscillation) first became visible as it was moved inward from beyond the boundary of each quadrant along a line bisecting the horizontal and vertical meridians. 7. Kinetic red target: A 5-mm red-topped pin was moved inward from beyond the boundary of each quadrant along a line bisecting the horizontal and vertical meridians. The patient was asked to report when the pin was first perceived to be red. Previous studies have shown that testing with a 20-mm red or white target is less sensitive than a 5-mm target 3 and therefore these larger target sizes were not included in this study.
Confrontation tests were classified as normal or abnormal as this is of most clinical significance in the detection of visual field abnormalities. Indeterminate results were classified as abnormal. No attempt was made to characterize the pattern of field loss using confrontation methods.
Automated perimetry. Automated static perimetry is the accepted reference standard for visual field assessment and has been shown to be superior to expertly performed kinetic perimetry. [11] [12] [13] Computerized threshold static perimetry involves determining the dimmest stimulus that can be seen at a number of predetermined test point locations. 14 At each test point, retinal sensitivity is determined and expressed in decibels (dB). 14 The dB value refers to retinal sensitivity, not stimulus intensity, and varies between 0 dB (the brightest stimulus [10,000 apostilbs] is not seen) to 51 dB (the dimmest stimulus [0.08 apostilbs] is seen). 14 Mean deviation (MD) indicates the extent to which the whole visual field departs from age-matched normal controls and is expressed in dB. 14 Automated static perimetry was performed under continuously monitored conditions by a trained optometrist using a Humphrey Field Analyzer (Carl Zeiss Meditec Inc., Dublin, CA) using the SITA-Standard 24 -2 program with a white Goldmann size III stimulus. Visual fields were classified as normal or abnormal and subclassified by type of field defect by a single neuroophthalmology fellow masked to the results of confrontation testing, using published criteria. 15, 16 Statistical analysis. Using automated perimetry as the reference standard, the sensitivity, specificity, positive predictive value, and negative predictive value were determined for each of the 7 confrontation tests individually and for all possible permutations. Subgroup analysis was performed to determine the accuracy of confrontation visual field tests in the detection of neurologic field loss. Stepwise logistic regression analysis was used to determine the effect of visual field density, type of visual field defect, and lesion location on the accuracy of confrontation testing. Data are presented as mean values Ϯ SD or with 95% confidence intervals. Lesions of the retina and optic nerve were classified as lesions of the anterior visual pathway while lesions of the optic chiasm to the occipital lobe were recorded as posterior visual pathway lesions. We analyzed data from both eyes and used the generalized estimating equation to account for similarities in eyes from a single patient. 17 All statistical analysis was performed in SAS version 9 (SAS Institute Inc., Cary, NC).
RESULTS
A total of 332 eyes were examined by both confrontation and automated perimetry. Thirty-one eyes were excluded due to unreliable automated perimetry indices, leaving 301 eyes from 163 patients for analysis (figure 1). The mean patient age was 58.9 Ϯ 16.3 (SD) years and 55.9% of patients were female. The average mean deviation was Abbreviation: MD ϭ mean deviation.
Ϫ5.91 Ϯ 7.72 (SD) dB and 40% of visual field defects were mild (MD ϾϪ5 dB), 23% were moderate (MD Ϫ5 dB to Ϫ10 dB), and 37% were severe (MD ϽϪ10 dB). Patients with anterior visual pathway lesions (n ϭ 127) accounted for 78% of visual field defects and had significantly less dense lesions compared with patients with posterior visual pathway lesions (MD Ϫ8. The mean sensitivity of the 7 confrontation visual fields tests for detection of a visual field defect on automated perimetry was 52.2 Ϯ 21.2 (SD) %. The accuracy of the 7 confrontation visual field tests is presented in table 1. The probability of detecting a visual field defect was dependent on the density of the field defect with the probability increasing with worsening visual field defect. A 50% probability of detecting a field defect using a kinetic red target occurred at a mean deviation of Ϫ6 dB (figure 2). The sensitivity of identifying mild visual field defects (MD ϽϪ5 dB) was very poor, ranging from 0.0% for finger counting to 67.9% for red comparison. The specificity of the tests to identify mild defects varied from 27.8% for red comparison up to 100.0% for finger counting. Red comparison had the highest sensitivity (72.1%) for identifying defects due to lesions of the anterior visual pathway, while kinetic red target (90.9%) was the most sensitive test at identifying posterior lesions (table e-2). All confrontation visual field tests were marginally better for posterior lesions than anterior lesions although this was not significant after accounting for differences in mean deviation. When the tests were combined, a combination of static finger wiggle and kinetic red target had a sensitivity of 78.3% and specificity of 90.3%, superior to any individual test (table 2) .
To determine the accuracy of confrontation visual field tests in the detection of neurologic field loss, we performed a post hoc subgroup analysis (table 3) . The sensitivity of finger counting, static finger wiggle, and kinetic finger was less than 10% for the detection of mild neurologic defects. Description of examiner's face had a sensitivity of 23.5% and specificity of 97.2% for the detection of mild neurologic lesions while kinetic red target achieved a sensitivity of 41.2% and specificity of 90.1%. Although the specificity of most tests was near 100% for moderate defects, the sensitivity varied from 13.5% for finger counting to 91.1% for kinetic red target.
No adverse events resulted from either confrontation visual field testing or automated perimetry. DISCUSSION Visual field assessment is recognized as an essential part of the neurologic examination by neurologists. 1 Confrontation visual field tests provide a rapid and practical method of visual field assessment that can be performed with minimal equipment and may be the only method of testing readily available. 18 The present study confirms that overall confrontation tests are insensitive and is consistent with other investigators who have found that confrontation visual field testing has limited sensitivity compared with Goldmann or automated static perimetry. 3, 7, 8 However, we have determined that the sensitivity of confrontation testing can be improved by combining 2 confrontation tests. Kinetic testing with a red target provided the highest sensitivity (74.4%) and specificity (93.0%) of any individual test and when combined with static finger wiggle testing achieved a sensitivity of 78.3% while retaining a specificity of 90.1%. Furthermore, we have identified that the accuracy of confrontation testing is dependent on the density of the field defect The present study has important clinical implications. Confrontation visual field testing is an integral part of the neurologic examination as the detection of field loss may be the first sign of sight-threatening or potentially life-threatening disease. However, as with any diagnostic test, it is important to understand the limitations of confrontation testing. False negatives may lead to a delay in diagnosis and potentially a poorer prognosis for the patient, while false positives may result in unnecessary investigations. Description of the examiner's face and finger counting are simple tests that may be used to quickly screen for gross field loss. However, due to their low sensitivity and negative predictive values, these tests cannot be used in isolation to exclude visual field loss. Kinetic finger wiggle testing is subject to interobserver variation and does not significantly increase the sensitivity of confrontation testing. The use of finger or red comparison tests, while offering greater sensitivity, is likely to result in a large number of false positives due to the low specificity of these tests. In comparison, testing with a kinetic red target provides the highest com-bined sensitivity and specificity of any individual test and it is therefore recommended that confrontation testing include this technique.
The present findings suggest that the sensitivity of confrontation testing may be enhanced by combining 2 tests. However, even the best combination of tests will fail to detect more than 20% of lesions. Additionally, it is important to note that the diagnostic accuracy of confrontation tests is low for mild to moderate visual field defects, even for nonglaucomatous neurologic lesions. Therefore even moderately dense field defects may be missed by confrontation. Formal perimetry is therefore mandatory if there is a strong clinical suspicion of a visual field defect. However, if an abnormality is detected on confrontation testing, with the exception of red or finger comparison, the patient should be investigated further because it is likely that the patient has a visual field defect.
Although a significant proportion of patients in this study had visual field defects from glaucoma, reflecting the ophthalmic nature of the study population, the study evaluated a large pool of patients with nonglaucomatous optic neuropathies as well as posterior lesions. For anterior lesions, our analysis did Abbreviations: CI ϭ confidence interval; NPV ϭ negative predictive value; PPV ϭ positive predictive value.
not show that the accuracy of confrontation visual fields was affected by diagnosis; rather, by severity of the visual field defect. The accuracy of all visual field tests improved with increasing severity of visual field defect, irrespective of the diagnosis. 
